Abstract. This paper presents a model of the
Introduction
Issues concerning the management of waters in the world are getting more and more complex. Continuous increase of population, serious problems in providing clean and industrial water and grand investments in construction of necessary infrastructure motivate the government to seek efficient solutions for successful management of waters. Successful management of waters need long term planning concerning technical, economic, social and ecological aspects.
Integrated water management needs development of hydro-information system that enables justified distribution of water resources. Hydro-information system is used for management of limited water resources, evaluation of the risk of floods and droughts, quality of waters, requirements of the population, industry, agriculture, electrical energy etc. This paper explains the framework for creation of model of the hydro-information system of the Republic of Macedonia. Model of the hydro-information system is based on GIS technologies, relational database and prototype applications. The paper is a part of my ongoing PhD research titled "Model of the hydroinformation system of the Republic of Macedonia".
Section 2 gives an overview of the similar project in developed countries and my background concerning GIS, programming, vectorization, digitalization of maps and other data. Section 3 explains the research objectives and section 4 the methodology of work. Section 5 describes expected results and benefits from implementation of the project and section 6 gives conclusions and recommendations.
Motivation and related experience
Water is one of the key priorities in the Millennium Development Goals (MDGs) of the United Nations. Price of clean water is growing and it is an indispensable resource for the future. The Republic of Macedonia is a country divided into two parts concerning water. The western part of the country, due to its geographic position, litological structure and bigger amounts of rain, has more water compared to the eastern part. Climate changes have great impact on the water resources especially in the eastern part where the amount of water is already insufficient. This issue stimulates research in making a hydro-information system that will allow better water management and utilization.
Around the world a number of scientists are involved in the field of integrated management of water recourses. The Center for management of water resources in the USA has finished several projects concerning hydro-information systems such as: GIS for Large-Scale Watershed Observational Data Model [10] , Water management information system for the Rio Bravo/Grande basin: Creation of a geo referenced data base [11] , Water availability model and geodatabase development for the Rio Grande basin [12] and others.
Research is focused on the development of a system for decision (DSS -decision support system) as an integral part of hydro-information system. A great number of projects in the field of decision and optimization are the foundation for designing and deploying original solution. Projects like MULINO for creation of a system for integrated water management built on standards of EU -WFD (Water Framework Directive) [9] are a valuable resource. The MULINO project designs and implements operational decision system based on hydromodeling, multi-variable indicators and a spatial multi-criteria procedure for evaluation of management of water resources. PhD thesis of Gijsbers, P.J.A [7] explains the development and implementation of DSS. Similar projects are implemented in many other countries like Romania [1] , [8] , USA [5] , England. There are several software packages for integrated management of water resources. One of them is WEAP (Water Evaluation and Planning System) which is a tool for planning of water resources. WEAP is often used as an additional tool for evaluation of models, data and other software.
A significant project concerning water management in Republic of Macedonia is "Integrated development of Vardar Basin" [6] . This project was done in 1975 and described the development of the hydro-system of Vardar basin in the next 50 years.
In the past several years my field of research has been GIS, information system, geo-database repository [3] [4], programming, etc. Simultaneously, a team from the Faculty of Natural Sciences and Technology under my guidance worked on digitalization and vectorization of paper maps and data [2] . The goal was to include digital/vector data into the geo-data repository system. The team worked on the vectorizing of the basic geological map of the Republic of Macedonia in scale 1:200000, hydro-geological map of the Republic of Macedonia in scale 1:200000, and other maps and data. The previous work together with the water related data collected from Macedonian institutions is the foundation for creating the hydro-information system of the Republic of Macedonia. Model of the hydro-information system will allow creation of an integral system for water management in the Republic of Macedonia. This will enable control, planning and development in the water sector. The model is based on knowledge and experience of world models having in mind specific characteristics of the hydro-system of the Republic of Macedonia. The system will provide decision support in evaluating different solutions for the most efficient use of water resources.
Research objectives

Methodology of work
The project implementation is in three phases, Fig 1. The name of the first phase name is input and archiving and starts with gathering of all relevant hydro data of the Republic of Macedonia. These include data of river flows (daily, monthly), levels of dams (daily, monthly), rainfalls, underground waters, walls, requirements of population, industries, agriculture etc. Most of the data is digital but there is also paper data. Paper data is converted into digital so it can be used in the model. It is important to have quality control in the process of entering the data. Almost all data have spatial component and GIS software packages ArcGIS, MapInfo and other are used. The next step is organizing and archiving digital data into relational database. Microsoft SQL server 2005 is used as relational database. Microsoft SQL Server has support for spatial data allowing efficient access, organization, administration and distribution of data. This is a process of building hydro-data repository of all relevant information for the model that will make fondation for the futher research and development.
Implementation of the relational database Oracle is planned in future development of the hydroinformation system. The second phase starts with investigation of similar projects in developed countries and of the existing commercial solutions. This research will provide strategy for building of the hydro-model. The model will include Macedonian standards and EU standards -Water Framework Directive (WFD) that will enable achieving EU standards in Republic of Macedonia concerning water related issues.
Building of the hydro-model is done using .NET, Java and other platforms and applications combined with GIS software packages. Focus will be on building of application for decision support system (DSS) specialized in water management. Water data have a time parameter that will enable testing, calibration and validation of the hydro model. Next activities are optimization of the model, running simulations and building of the DSS.
Third phase is presentation and dissemination of achieved results to the general public and science community. Presentation of the results will be done on internet. Implementation of the hydro-information system into state agency for water will provide better management in the water sector and improved legislation based on the results of the model.
Expected results
Based on the research objectives and methodology of work, the expected result is the creation of a model of the hydro-information system of the Republic of Macedonia. The hydro-information system will be based on GIS technologies, relational database and original software applications for optimization, simulation, prediction and decision. The expected results are:
-Creation of centralized GIS system for hydro resources of the Republic of Macedonia including all relevant information for supply/demand of water (rivers, lakes, dams/ towns, industries, agriculture etc.) -Development of hydro-information system of the Republic of Macedonia based on gathered data.
-Creation of original software application for simulation, prediction and decision regarding management of water resources of the Republic of Macedonia. This will provide solution for optimal use of water potential and future development of the hydro system.
-Comparing the hydro-information system with similar ones from developed countries.
-Possibility to implement this solution in governmental institutions.
Conclusion
This paper presents a general overview of the model of the hydro-information system of the Republic of Macedonia. The presented model is based on experiences from the developed countries, taking into consideration the specifics of the Macedonian water information and data. The model is based on the latest information technologies using GIS, integrated database and specialized applications, allowing further development and upgrade. The paper describes research objectives, methodology of work and
